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Abstract
The American Psychiatric Association defined Internet Gaming Disorder (IGD) as a tentative
behavioral addiction in Section III in the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders as a disorder that requires further research. Although cross-
sectional studies have suggested that IGD is closely associated with poorer psychosocial
well-being, longitudinal studies are scare, and whether poor psychosocial well-being is the
cause or effect of IGD is still unclear. To address this issue, a longitudinal study including
three-wave data from older-aged adolescents and emerging adults (1,054 first-year university
students, age range 17-21 years, 41.2% male) was conducted. Cross-lagged panel models
were computed to examine the longitudinal association between IGD and psychosocial well-
being. The results suggested that IGD negatively affects variables of psychosocial well-being
(i.e., self-esteem, social support, life satisfaction), but not vice versa. The results supported
the interpersonal impairment hypothesis, which conceptualizes IGD as a maladaptive
response leading to poorer psychosocial well-being. Furthermore, the results also showed that
IGD was negatively associated with self-esteem and social support across all three waves
with gender difference across these associations and larger correlations for males in
comparison to females. In conclusion, the study findings highlight that the classification of
IGD as a mental health disorder is appropriate, and that the condition is a risk factor for

impaired psychosocial well-being in late adolescence and early adulthood.

Keywords: Internet Gaming Disorder, gaming addiction, problematic gaming, pathological

gaming, psychosocial well-being
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1. Introduction

The American Psychiatric Association (APA) defined Internet Gaming Disorder
(IGD) as a tentative behavioral addiction in Section III in the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) as a disorder that requires further
research (American Psychiatric Association, 2013). More recently, the World Health
Organization (WHO) formally recognized Gaming Disorder (GD) as a mental health disorder
at the 72" World Health Assembly (Pontes & Griffiths, 2020). Adolescence and emerging
adulthood present with increased prevalence of IGD in Chinese university students (Long et
al., 2018; Zhang, Wang, Shu, & Wu, 2019). Moreover, IGD associates with several
detrimental psychological and well-being outcomes, such as depression (e.g., Gentile et al.,
2011), anxiety (e.g., Wang et al., 2017), and loneliness (e.g., Lemmens, Valkenburg, & Peter,
2011). However, most of the existing evidence comes from cross-sectional research, which
illustrates a lack of robust longitudinal research examining the association between IGD and
psychosocial and well-being outcomes. Therefore, this study longitudinally investigated the
interplay between psychosocial well-being indicators and IGD in a sample of Chinese first-

year undergraduate students.

1.1 IGD and psychosocial well-being

Previous cross-sectional research has found that IGD is typically associated with poorer
psychosocial well-being (e.g., Kochuchakkalackal & Reyes, 2019; Pontes, 2017) and several
hypotheses have been put forward to explain this relationship. The compensatory hypothesis

proposes that IGD may develop as a compensation mechanism for psychological problems
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and poor psychosocial well-being (Kardefelt-Winther, 2014; Young, 1998). In this view, IGD
may result from the need to escape from problems in daily life. Furthermore, the
interpersonal impairment hypothesis views IGD as a maladaptive response to interpersonal
stress rather than a pathology per se (Bischof-Kastner, Kuntsche, & Wolstein, 2014; Cheng,
Cheung, & Wang, 2018). According to this perspective, IGD can lead to poorer psychosocial
well-being. Despite these competing standpoints, longitudinal examination between IGD and
psychosocial well-being outcomes is scarce, and there is little evidence supporting the

aforementioned theoretical views.

1.2 Self-esteem

Self-esteem has been defined as an individual’s self-assessment of their social role,
and has the potential to affect behavioral outcomes (Rosenberg, Schooler, & Schoenbach,
1989). Low self-esteem is generally regarded as the foundation of negative behavioral
outcomes, including internet use disorder (Fumero, Marrero, Voltes, & Penate, 2018) and
IGD (Beard, Haas, Wickham, & Stavropoulos, 2017). Previous cross-sectional research
suggested that low self-esteem is associated with IGD (Kircaburun, Griffiths, & Billieux,
2019; Laconi, Pires, & Chabrol, 2017; Lemmens, Valkenburg, & Gentile, 2015), particularly
among male gamers (Ko, Yen, Chen, Chen, & Yen, 2005). A recent longitudinal study found
that reduced self-esteem predicted IGD one year later in adolescents (e.g., Wartberg, Kriston,
Zieglmeier, Lincoln, & Kammerl, 2019). However, a birth cohort study in Norway suggested
that child self-esteem did not predict IGD symptoms (Wichstrem, Stenseng, Belsky, von

Soest, & Hygen, 2019).
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1.3 Perceived social support

Perceived social support has been defined as a subjective feeling that an individual is
cared for, assisted, and helped by other individuals (Zimet, Dahlem, Zimet, & Farley, 1988).
Perceived social support can provide a buffer effect against many mental health problems.
Individuals who lack social support in real life may compensate though gaming, which could
lead to excessive usage (Davis, 2001). Thus, the compensatory hypothesis suggests that
individuals may develop IGD due to a lack of social support in real life (e.g., Wartberg,
Kriston, & Kammerl, 2017). Furthermore, previous cross-sectional studies (e.g., Festl,
Scharkow, & Quandt, 2013; Yu, Mao, & Wu, 2018) reported negative associations between
perceived social support and IGD. However, only one longitudinal study among Chinese
university students found that social support did not predict IGD one year later (e.g., Zhang et
al., 2019). To date, most of the previous research investigated the association between social
support and generalized internet addiction (Lei, Li, Chiu, & Lu, 2018), and the relationship
between perceived social support and IGD mainly cross-sectionally (e.g., Kaczmarek &
Drazkowski, 2014), therefore, additional longitudinal research is necessary to further clarify

this association.

1.4 Life satisfaction
Life satisfaction refers to how individuals evaluate their life as a whole, and it is an
important dimension of subjective happiness and well-being (Diener, Emmons, Larsen, &

Griffin, 1985). Previous cross-sectional research suggested a negative association between
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life satisfaction and IGD (e.g., Festl et al., 2013; Reer, Festl, & Quandt, 2020). For instance,
Mills, Li and Marchica (2019) found that life satisfaction negatively predicted IGD while
Bargeron and Hormes (2017) reported that IGD associated with significantly lower levels of
life satisfaction. However, two longitudinal studies indicated that life satisfaction did not
statistically predict IGD six months later (Lemmens et al., 2011) or one year later (Peeters,
Koning, & van den Eijnden, 2018). Given the relatively the lack of robust findings and
contrasting evidence related to the potential associations between life satisfaction and IGD,

further longitudinal examination of this relationship is also required to help clarify this issue.

1.5 The present study

The primary objective of this study was to examine the longitudinal association
between IGD and psychosocial well-being (i.e., self-esteem, perceived social support, and life
satisfaction) among older adolescents and emerging adults. To achieve this, cross-lagged
panel models including relevant covariates (e.g., family income, parents’ education levels),
cross-sectional correlations between IGD and well-being, auto-regression and cross-lagged
effects between IGD and well-being were examined. Since the longitudinal study of IGD and
psychosocial well-being variables is scarce and the directionality of such relationships remain
unknown, no specific hypothesis about directionality was developed. Moreover, because
males are more likely to play video games and males with low self-esteem are at greater risk
for developing IGD (e.g., Ko et al., 2005), gender differences were further investigated in the
cross-lagged panel models.

Therefore, in order to further contribute to the field, this study aims to explore the
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following two research questions: (1) Does psychosocial well-being predict IGD over time or
vice versa? and (2) Are there significant gender differences in the longitudinal association

between IGD and psychosocial well-being?

2 Methods
2.1 Participants and procedures

The sample comprised 1,054 first-year undergraduate students (17-21 years old,
41.2% male) recruited from a University in China. A cluster sampling method was employed
to select a broad range of participants including those studying arts, science, technology, and
agronomy. At the first time point (T1, October 2017) there were 1054 participants, at the
second time point (T2, April 2018) there were 924 participants, and at the third time point
(T3, October 2018) there were 931 participants. Across T1, T2, and T3, 269 participants had
missing data (25.5% of total sample). Participants were the same as in a previous longitudinal
study that explored associations between attachment and IGD (for more demographic
information see [blinded for peer-review]).

Power analysis using G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) was
conducted to determine the ideal sample size. The correlation between IGD and psychosocial
well-being has been found in previous research to be relatively small (» =-0.15 to -0.07,
Cheng et al., 2018). Therefore, a sample size of 643 individuals has been suggested as ideal
as it would allow the detection of correlations between IGD and psychosocial well-being of at

least » = -0.11 at p < 0.05 level, with statistical power (1-/3) of 80%.
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All participants were informed of the aims of the study and that their data would only
be used for research purposes. Study procedures were in accordance with the Declaration of
Helsinki. The Institutional Review Board of [blinded for peer-review] approved this
longitudinal study and all participants provided written informed consent to participate in the

study.

2.2 Measures
2.2.1 Internet Gaming Disorder Scale-Short Form (IGDS9-SF)

Severity of IGD was assessed using the nine-item IGDS9-SF (Pontes & Griffiths,
2015) that is based on the DSM-5 IGD criteria. All nine items were assessed using a five-
point Likert scale (1=never to 5=very often). The items were added to form a single
composite total score, with higher scores indicating greater IGD severity. The Chinese
version of IGDS9-SF was used to assess IGD symptoms in Chinese students (e.g., Yam et al.,
2019; XX). In the present study, McDonald's o coefficients for the IGDS9-SF were 0.88

(T1), 0.91 (T2), and 0.94 (T3), respectively.

2.2.2 Self-esteem

Participants completed the Chinese version of the nine-item Rosenberg Self-esteem
Scale (Rosenberg et al., 1989; Tian, 2006). One item (“‘ wish I could have more respect for
myself’”) was deleted because previous research found it unsuitable for the Chinese culture
(Tian, 2006). Participants responded to items using a four-point scale (1=strongly disagree to

4=strongly agree). McDonald's o coefficients for this instrument were 0.85 (T1), 0.87 (T2),
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and 0.88 (T3), respectively. The total score ranged from 9 to 36 points, with higher values

reflecting higher self-esteem.

2.2.3 Social support

Social support was assessed using the 12-item Multidimensional Scale of Perceived
Social Support (Zimet et al., 1988). The MSPSS assesses perceived social support from
family, friends, and other relationships (e.g., teachers, classmates, relatives). Participants
were asked to report the extent to which they agree with each item using a five-point Likert
scale (1=very strongly disagree to 5=very strongly agree). Subscale scores were calculated by
summing the obtained responses, with higher scores indicating greater levels of perceived
social support. McDonald's o coefficients for this instrument were 0.90 (T1), 0.93 (T2), and

0.93 (T3), respectively.

2.2.4 Life satisfaction

The Satisfaction with Life Scale (Diener et al., 1985) is the most widely used tool for
assessing overall life satisfaction among Chinese students. This scale includes a total of five
items rated on a five-point scale (1=totally disagree to 5=totally agree), with high scores

indicating greater satisfaction with life. McDonald's  coefficients for this instrument were

0.81 (T1), 0.84 (T2), and 0.88 (T3), respectively.

2.3 Data analysis

2.3.1 Missing data
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From T1 to T3, 269 participants (25.5%) dropped out of the study. An indicator
(O=missing, 1=complete) was created to examine whether missing data were conditional on
any key variables. Male students were significantly missing (x> ;;=77.27, p <.01), as were
data relating to IGD ( ;339)= 4.47, p <.01) and social support (¢ 426;= 2.59, p = .01). All other
variables (age, self-esteem, and life satisfaction) were not significantly affected by missing
data (all p-values > .05). Consequently, missing data were dealt with using the full-
information maximum-likelihood (FIML) method in Mplus 7.10 (Muthén & Muthén, 2012).
FIML generates unbiased and effective parameter estimates using complete data information

(Graham, 2009).

2.3.2 Cross-lagged panel model

Three cross-lagged panel models were investigated to determine the relationship
between IGD and psychosocial well-being variables (i.e., self-esteem, social support, and life
satisfaction). In addition to calculating cross-sectional correlations between the main study
variables, the analysis also included path stability coefficients from T1 to T2 and T2 to T3
(i.e., autoregressive path) and cross-lagged effects (see Figure 1 for the path of f1, B2 and
B3, B4). Family income and parental education levels at T1 were included as covariates in the
models tested.

To assess the quality of the models tested, the Comparative Fit Index (CFI), Tucker-
Lewis index (TLI), and the Root Mean Square Error of Approximation (RMSEA) were used
to evaluate model fit. A CFI and TLI > 0.90, along with RMSEA<0.08, indicate adequate

model fit (Hu & Bentler, 1999). Model parameters were selected using robust maximum
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likelihood estimation (MLR), which can account for data non-normally distributed. In
addition, 95% Confidence Intervals (CIs) were estimated for unstandardized coefficients.
Path coefficients were considered statistically significant at p<.05. To examine potential
gender differences, multiple-group analyses were conducted constraining coefficients to be
equal across gender. Wald’s y? test was also computed to examine the specific path

coefficient differences across gender (Muthén & Muthén, 2012).
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3. Results
3.1 Preliminary analyses

Table 1 presents the means, standard deviations, and correlations among all variables
of the study. Gender differences were found for life satisfaction (F'[; s133=4.61, p =.032),
social support (F'[1, 790= 139.38, p <.001), and IGD (F'{;, 309y= 240.73, p <.001) but not for
self-esteem. Overall, female participants scored higher on life satisfaction and social support

and lower on IGD compared to male participants.

3.2 Main analyses

First, longitudinal measurement invariance was conducted, and then a cross-lagged
panel model was used to examine the longitudinal relationship between IGD and
psychosocial well-being to address the first research question (i.e., ‘Does psychosocial well-
being predict IGD over time or vice versa?’).

Table 2 presents the model fit for all five models tested for each psychosocial well-
being outcome. The first three are the longitudinal measurement invariance models (e.g.,
configural invariance, weak invariance, and strong invariance models). The fourth model is a
cross-lagged panel model which was based on a strong invariance model and included the
Time 1 covariates (e.g., family income and parents’ education level). The last model is a final
constraint model which defined the path coefficients to be equal across time. All the model
fits were acceptable, and a final constraint model for the path coefficients and stability was

reported (see Table 3).
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3.2.1 Self-esteem and 1GD

The results indicated that IGD was a significant negative predictor of self-esteem from
T1to T2, B =—.06, 95% ClIs [-.09, —.02] and T2 to T3, B =—.06, 95% Cls [-.10, —.02].
However, self-esteem did not significantly predict IGD from T1 to T2, f = —.03, 95% Cls
[-.06, .01] or T2 to T3, B =—.03, 95% CIs [—.06, .01]. Additionally, stability paths and cross-

sectional correlations were also statistically significant (all p-values <.01).

3.2.2 Perceived social support and IGD

The results indicated that IGD was a significant negative predictor of perceived social
support from T1 to T2, B =—.08, 95% CIs [—.12, —.04]) and T2 to T3, p =—.10, 95% Cls
[—.14, —.05]). However, perceived social support did not significantly predict IGD at either
time point (T1 to T2: B =—-.03, 95% ClIs [-.07, .01]; T2 to T3: B =—.03, 95% CI [-.06, .01]).
Additionally, stability path coefficients and cross-sectional correlations were also significant

(all p-values <.01).

3.2.3 Life satisfaction and IGD

The results obtained demonstrate that IGD was as a negative predictor of life
satisfaction from T1 to T2,  =—.09, 95% ClIs [-.12, —.05]), and T2 to T3, f =—.10, 95% Cls
[—.14, —.06]. However, life satisfaction did not significantly predict IGD (T1 to T2: B =—.03,
95% Cls [-.06, .01]; T2 to T3: B =—.02, 95% CI [-.06, .01]). Stability path coefficients were
significant (all p-values <.01), but cross-sectional correlations between life satisfaction and

IGD were not significant (see Table 3).
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3.2.4 Gender differences

In order to address the second research question (‘Are there significant gender
differences in the longitudinal association between IGD and psychosocial well-being?’),
multiple-group analyses were performed. For the self-esteem and IGD model, a significant
gender difference was found (Ay? (11 =47.52, p<.001). More specially, two paths were
significantly different across gender: (i) autoregressive coefficient of self-esteem at T2 to T3;
(i1) cross-lagged effect of T2 self-esteem on T3 IGD.

Furthermore, larger cross-sectional relationships both in T1, T2, and T3 were found in
males. For the perceived social support and IGD model, multiple-group analysis indicated a
significant gender difference (Ay? 117 =30.94, p = .001). More specifically, cross-lagged
effects of IGD on perceived social support (T1 to T2 and T2 to T3) were larger for males than
females. Moreover, larger cross-sectional relationship between IGD and perceived social
support were found for males than females at T1 and T2. Finally, for the life satisfaction and
IGD model, no significant gender differences were observed in stability and cross-lagged
paths (Ay?;=5.36, p = .718). However, at T1, the cross-sectional correlation coefficient
was larger for males than females. More information about the gender differences in these

models can be seen in Table S1.

3.3 Additional analyses
For completeness, a combined single cross-lagged panel model that included self-

esteem, social support, life satisfaction, and IGD was estimated. This model had adequate fit



TR IR TINIT N A R TR TN YIS TN AN TSI A A TTS YYTTOT Y TS v T .

(%899 = 1818.70, p <.001, CFI = .96, TLI = .95, RMSEA = .031, 90% CIs [.029, .033],
SRMR = .075) and yielded the same results as individual cross-lagged panel models. More
specifically, IGD was a negative predictor for all psychosocial well-being variables over
time: self-esteem (T1 to T2: B =—-.07, 95% ClIs [—.10, —.03]; T2 to T3: B = —.08, 95% ClIs
[-.12, —.03]), social support (T1 to T2: f =—.10, 95% Cls [—.14, —.06]; T2 to T3: B =—.12,
95% CIs [—.16, —.07]), and life satisfaction (T1 to T2: B =—.10, 95% CIs [—.14, —.06]; T2 to
T3: B =-.12,95% ClIs [-.16, —.08]). However, self-esteem, social support, and life
satisfaction did not predict IGD both from T1 to T2 nor from T2 to T3 (See Table S2 for

more details about the path coefficients obtained in this analysis).

4. Discussion

The present study examined the longitudinal association between psychosocial well-
being and IGD using cross-lagged panel models. It was found that IGD negatively predicted
subsequent psychosocial well-being outcomes (i.e., self-esteem, perceived social support, and
life satisfaction), but well-being outcomes did not predict subsequent IGD. Overall, it was
found that IGD negatively predicted self-esteem, perceived social support, and life
satisfaction six months and one year later among Chinese first-year university students. These
results provide support to and align with the interpersonal impairment hypothesis (e.g.,
Bischof-Kastner et al., 2014; Cheng et al., 2018) which posits that IGD precipitates poor
interpersonal problems through decreased psychosocial well-being.

In addition to lending support to the interpersonal impairment hypothesis, the results

encountered in this study suggest that IGD can prospectively lead to decreased well-being.
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This finding is in line with previous longitudinal studies examining psychosocial health in
adolescents. More specifically, Gentile et al. (2011) identified IGD as a predictor of anxiety,
depression, and social phobia in adolescents two years later while Brunborg, Mentzoni, and
Froyland (2014) found that IGD was linked with greater levels of depression, poorer
academic achievement, and conduct problems two years later. Taken together, the results
suggest that IGD can uniquely contribute to long-term decreased well-being and mental
health effects among adolescents and young adults.

Furthermore, male participants exhibited larger cross-sectional correlations between
IGD and psychosocial well-being outcomes than female participants, especially at T1. This
gender difference is in line with previous research (Ko et al., 2005) showing that males
present with significantly higher negative associations between psychosocial factors (e.g.,
self-esteem and life satisfaction) and IGD compared to females.

The implication of the findings obtained is that IGD may, as a disorder, lead to lower
levels of self-esteem, which is consistent with previous studies in the field (e.g., Lemmens et
al., 2011; Toker & Baturay, 2016), making it a potential consequence of IGD. Conversely,
the present findings also showed that self-esteem did not predict subsequent IGD, which is
not aligned with previous longitudinal research suggesting that low self-esteem is a predictor
of IGD (e.g., Lemmens et al., 2011; Wartberg et al., 2019). The discrepancy between studies
may be due to age differences in the participants recruited as both previous studies included
younger participants (i.e., 11-17 years, Lemmens et al., 2011; 12—14 years, Wartberg et al.,
2019) than the present study (i.e., 17-21 years). Future developmental studies should test

these associations on a wider sample of adolescents.
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The findings also indicated that early IGD negatively predicted later perceived social
support, but not vice versa. This is a novel finding providing longitudinal evidence that IGD
may lead to decreased social support. It also contributes to extending previous similar
findings reported in cross-sectional research (e.g., Festl et al., 2013; Yu et al., 2018).

The results of the present study also showed that IGD was a negative predictor of life
satisfaction, even though life satisfaction did not predict IGD. This outcome implies that
disordered gamers feel less satisfied with their daily lives, and that they may not necessarily
develop IGD due to lower life satisfaction. This finding corroborates and extends previous
cross-sectional research suggesting that higher levels of IGD are associated with lower
perceived life satisfaction among adolescents and older adults (Festl et al., 2013).
Notwithstanding this, the results are also in line with a longitudinal study demonstrating that
IGD negatively predicted life satisfaction in adults over 40 years old (Scharkow, Festl, &
Quandt, 2014). Overall, these data support the uses and gratifications theory (e.g., Li, Liu,
Xu, Heikkild, & Van Der Heijden, 2015), which posits that IGD leads to lower life
satisfaction.

This study presents with several potential limitations that should be considered when
interpreting the findings reported. First, the self-report data common to many longitudinal
studies are subject to shared-method variance and psychological biases, such as social
desirability and memory recall bias. However, the cross-lagged panel models used partially
mitigated such effects by controlling for initial correlations and covariation. Future research
aiming at examining how IGD affects psychosocial well-being should consider combining

various data collection methods, such as teacher or parent ratings and expert evaluation.
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Second, the cross-lagged models investigated only included between-individual variance for
IGD and well-being. However, as noted by Hamaker, Kuiper, and Grasman (2015), cross-
lagged models may not necessarily represent actual within-individual relationships over time.
Therefore, it is recommended that multilevel models are used to separate between- and
within-individual effects (e.g., Curran & Bauer, 2011). Third, the longitudinal study only
lasted one year, a period that may be too short to fully explore the broad extent of
developmental effects of IGD on psychosocial well-being. Therefore, future studies should
increase their length for a better understanding of transition patterns from early to late
adolescence. Finally, only the direct relationship between well-being and IGD was examined.
However, as suggested in the syndemic-syndaimonic continuum hypothesis (Snodgrass,
Lacy, & Cole, 2019), well-being may interact with IGD to impact on health. Future research
should not only examine the longitudinal association between IGD and well-being, but also
investigate the interaction between these variables on the long-term effects on human health.
In conclusion, the results obtained provide support for the interpersonal impairment
hypothesis which conceptualizes IGD as a maladaptive response leading to poorer
psychosocial well-being. This finding has potential to improve initial assessment of IGD and
help treatment efforts to be more focused on IGD at the early stages of the treatment. Besides,
appropriate prevention measures are increasingly necessary because IGD incidence continues
to increase globally, leading several countries to implement large-scale school-based
prevention programs that include IGD in their curricula, such as Positive Adolescent Training

through Holistic Social (P.A.T.H.S.) program (see Busiol & Lee, 2015).
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Table 1

Correlations between Internet Gaming Disorder (IGD) and psychological well-being at three time points.

1 2 3 4 5 6 7 8 9 10 11 12
1.1GD (T1) -
2.1GD (T2) 0.56™
3.1IGD (T3) 0.49*  0.57" -
4. Self-esteem (T1) -0.17"" -0.12™ -0.04" -
5. Self-esteem (T2) -0.17" -0.28" -0.18" 0.52"" -
6. Self-esteem (T3) -0.15™ -0.19" -0.31"" 0.42*" 0.59" -
7. Social support (T1) -0.22"* -0.14™ -0.11"* 0.35 0.28™ 0.30" -
8. Social support (T2)  -0.18" -25"  -0.14™ 025 047" 034" 053" -
9. Social support (T3) -0.19™ -0.19" -0.28" 0.27* 0.34™ 0.56™ 047" 057" -

10. Life satisfaction (T1) -.080*" -0.06 -0.06 0.48™ 034" 0.30™ 0.41™ 0.32" 0.32"

11. Life satisfaction (T2) -0.10"" -0.07" -0.05 0.31™ 0.52" 0.35" 032" 044" 031" 0.57"

12. Life satisfaction (T3) -0.13" -12** -0.10" 026" 0.39" 0.52" 0.28" 0.30™ 047" 046" 0.57"

Mean 1.47 1.62 1.69 319 3.03 305 401 400 395 424 439 444
Standard Deviation 0.57 0.67 0.77 036 046 048 059 061 064 108 1.09 1.15

Note: *p < .05; ** p < .01. IGD = Internet Gaming Disorder.
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Table 2

A TEs YYTIOY Y s T

Model fits for the cross-lagged panel models between Internet Gaming Disorder (IGD) and psychological well-being

outcomes.
Model ¥ (df) P ACFI  ATLI = RMSEA [90% CIs] CFI TLI SRMR
IGD and self-esteem
1. Configural invariance model 190.61 (102) <0.001 - - 0.029 [0.022, 0.035] 0.990  0.986 0.028
2. Weak invariance model 217.37 (110) <0.001 0.002  0.002  0.030[0.024, 0.036] 0.988  0.984 0.042
3. Strong invariance model 495.57 (122) <0.001 0.029  0.035  0.054[0.049, 0.054] 0.959  0.949 0.074
4. Cross-lagged panel model 399.07 (150) <0.001 0.015  0.022  0.040[0.035, 0.044] 0974  0.967 0.055
5. Final constraint model 413.50 (156) <0.001 0.001  0.001  0.040[0.035, 0.044] 0973  0.968 0.060
IGD and social support
6. Configural invariance model 105.63 (102) 0.383 - - 0.006 [0.000, 0.017] 0.999  0.999 0.016
7. Weak factorial invariance model ~ 122.81 (110) 0.190  0.001  0.002  0.011[0.000, 0.020] 0.998  0.997 0.021
8. Strong factorial invariance model ~ 270.70 (122) <0.001 0.019 0.023  0.034[0.029, 0.039] 0979 0974 0.049
9. Cross-lagged panel model 277.72 (150) <0.001 0.005 0.005  0.028[0.023,0.034] 0984  0.979 0.043
10. Final constraint model 279.53 (156) <0.001 0.000 0.002  0.027[0.022, 0.023] 0.984  0.981 0.045
IGD and life satisfaction
11. Configural invariance model 341.51 (213) <0.001 - - 0.024 [0.019, 0.029] 0.989  0.986 0.028
12. Weak invariance model 364.72 (225) <0.001 0.001  0.001  0.024[0.020, 0.029] 0.988  0.985 0.030
13. Strong invariance model 588.46 (241) <0.001 0.018 0.020  0.037[0.033,0.041] 0970  0.965 0.047
14. Cross-lagged panel model 694.40 (281) <0.001 0.004 0.005 0.037[0.034, 0.041] 0.966  0.960 0.045
15. Final constraint model 699.16 (287) <0.001 0.000 0.001  0.037[0.033,0.040] 0.966  0.961 0.048

Note: Each model was compared with the last model (e.g., Model 5 were compared with Model 4). The final constraint

model was defined the path coefficients to be equal across time. IGD = Internet Gaming Disorder.
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Table 3
Cross-lagged path analyses of psychological well-being and Internet Gaming Disorder (IGD).

Psychological well-being Self-esteem Social support Life
satisfaction
b (SE) B b (SE) B b (SE) B
Covariates
Parental education — Well-being (T2) -.02(01) -.05 .01 (.02) .01 .02 (.03) .02
Family incomes —Well-being (T2) —.03(.01) —.08** -.01(02) -.02 .02 (.03) .03
Parental education — IGD (T2) .01 (.02) .02 .01 (.02) .02 .01 (.02) .02
Family incomes — IGD (T2) .04 (.02) .07* .04 (.02) .07* .04 (.02) .07*
Parental education —Well-being (T3) -.03(02) -.06 -.02(02) -.04 .04 (.03) .04
Family incomes —Well-being (T3) .02 (.01) .05 .01 (.02) .03 .01 (.02) .01
Parental education — IGD (T3) .01 (.02) .01 .01 (.02) .02 .01 (.02) .02
Family incomes — IGD (T3) .02 (.02) .04 .01 (.02) .04 .01 (.02) .04
Stability paths
IGD (T1) — IGD (T2) .75 (.04) L62%* 75 (.04) O1%* .75 (.04) 63%*
IGD (T2) — IGD (T3) .75 (.04) L64%* .75 (.04) 63%* .75 (.04) 63%*
Well-being (T1) — Well-being (T2) 75(0.03)  .60** .62 (.03) S6** .67 (.03) 62%*
Well-being (T2) — Well-being (T3) 75(0.03)  .68** .62 (.03) H1%* .67 (.03) .64%*
Cross-sectional correlations
IGD (T1) < Well-being (T1) —.05(01) —26%* —.06(.01) —.23%* -.02(01) -—.04
IGD (T2) < Well-being (T2) —.05(01) —28** —.06(.01) —27%* -.02(01) -.05
IGD (T3) <> Well-being (T3) —.05(01) —25%* —.06(.01) —.25%* -.02(01) -—.04
Cross-lagged effects
IGD (T1) — Well-being (T2) —.04(.02) —.06% —.09(.03) —.08** —.18(.04) —.09**
IGD (T2) —»Well-being (T3) -.04(.02) —.06% —.09(.03) —.10%* -.18(.04) —.10**
Well-being (T1) — IGD (T2) -.05(.04) -.03 -.03(.03) -.03 -.02(01) -.03
Well-being (T2) — IGD (T3) -.05(04) -.03 —.03(.03) -.02 -.02(01) -.02
Note. IGD=Internet Gaming Disorder, T1=Time 1, T2=Time 2, T3=Time 3.
* p<.05;

**p<.01.
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Figure 1. The cross-lagged effect of IGD and psychosocial well-being outcomes.
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Note. IGD = Internet Gaming Disorder.

Author Agreement Statement
We the undersigned declare that this manuscript [Internet Gaming Disorder and Psychosocial
Well-being: A Longitudinal Study of Chinese Older—aged Adolescents and Emerging Adults. ]
is original, has not been published before and is not currently being considered for publication

elsewhere.

We confirm that the manuscript has been read and approved by all named authors and that there
are no other persons who satisfied the criteria for authorship but are not listed. We further

confirm that the order of authors listed in the manuscript has been approved by all of us.

We understand that the Corresponding Author is the sole contact for the Editorial process. He

is responsible for communicating with the other authors about progress, submissions of



TR IR TINIT N A R TR TN YIS TN AN TSI A A TTS YYTTOT Y TS v T ~

revisions and final approval of proofs.

Signed by all authors as follows:

Zhaojun Teng, Halley M. Pontes, Qian Nie, Guangchan Xiang, Mark D Griffiths, and Cheng

Guo

Author Statement

Zhaojun Teng and Cheng Guo contributed to design the study.

Halley M. Pontes and Mark D Griffiths contributed to writing of the paper and its revision.
Zhaojun Teng and Qian Nie contributed to literature review.

Zhaojun Teng and Guangcan Xiang contributed to data collection and statistical analysis.
Zhaojun Teng and Cheng Guo provided found to conduct the study.

All authors contributed to and have approved the final version of the manuscript.

Conflict of Interest Statement:

The authors declare no conflict of interest.



TR IR TINIT N A R TR TN YIS TN AN TSI A A TTS YYTTOT Y TS v T PN

Highlights

® A longitudinal study explored the bidirectional relationships between internet gaming
disorder and wellbeing outcomes.
® Internet Gaming Disorder was weakly predicted the later well-being, but not inverse.

® The classification of IGD as a mental health disorder is valid.



